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Radon: A Natural Pollutant

Recent evidence suggests that ex-
posure to radon, especially indoors,
represents a greater public health
threat than previously recognized (Ta-
ble 1). Efforts to improve the energy
efficiency of homes have exacerbated
the problem. Indeed, the result is a
paradoxical situation where energy
conservation may cause more radia-
tion exposure to a population than
generation of an equivalent amount of
energy.

c Radon is a radioactive gas produced

by the natural decay of uranium to
radium and then to radon. It has a
half-life of only 3.8 days and decays
into its so called ‘‘daughters.” It is the
short-lived daughters (polonium 218,
polonium 214, bismuth 214, and lead
214) which represent a potential
health hazard. They are solids and
attach to dust particles, which, if in-
haled, result in exposure of the bron-
chial epithelium to the emitted alpha
radiation.

Radon is measured in picocuries
per cubic meter (pCi/m* and its
daughters are measured in working
levels (WL)*, a unit developed for
calculating the exposures of miners.
Exposure is expressed as working
level months (WLM), which is the
product of the WL concentration
times the number of months of expo-
sure (months are defined as the num-
ber of hours a worker spends on the
job during a month, i.e. 170 hours).

Radon is given off by the top few
meters of soil at a rate of approxi-
mately 0.5 pCi/m?¥sec. Soil radon also

issolves in groundwater and is re-
leased if the water is exposed to air.
Outdoors, radon is dispersed by wind
and diffusion before it decays to its
daughters; the average outdoor con-
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centration of daughters is therefore
low (<0.001 WL). Indoors, radon
may get trapped, preventing disper-
sion. If this happens, the radon daugh-
ter concentration will be higher than
outdoors (usually 0.002-0.04 WL).

Miners exposed to radon and its
daughters have an excess risk of broa
chogenic carcinoma. Using mathe-
matical models, it is possible to esti-
mate the risk associated with any
particular radon daughter exposure.
Continuous exposure to 2 WLM/y
would result in an increased lifetime
risk of bronchogenic carcinoma of
two percent. Based on current esti-
mates of exposure in the U.S., 10,000
cases per year, including one quarter
of all cases in nonsmokers, are attrib-
utable to radon daughters.

Outdoor concentrations of radon
vary widely depending on season,
time of day, and geographic location.
Indoor concentrations are unpredicta-
ble and apparently depend on type of
underlying soil, construction charac-
teristics, ventilation and geographic

location.. A limited number of sam-
pling surveys have been conducted in
the U.S. Best estimates are that one
to two percent of U.S. households
(approximately one million) have ex-
posures to radon daughters which are
in excess of the National Council on
Radiation Protection (NCRP) guide-
lines of 2 WLM/y.

More studies are needed to identify
risk factors for excessive exposure.
The Department has plans underway
to conduct a survey for radon in Vir-
ginia homes. If an excessive level of
radon is detected in a home, it can
usually be controlled through im-
proved ventilation, use of concrete/
masonry sealants, or improved air fil-
tration (electrostatic precipitators).
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A Clinician’s Guide to Screening and Evaluation

Childhood Lead Poisoning

Editor’s note: these reccommendations
were abridged by Sathyavathi
Lingaraju, M.D., M.P.H., Bureau of
Maternal and Child Health, VDH,
from revised Centers for Disease Con-
trol recommendations.!
INTRODUCTION

New epidemiologic, clinical and ex-
perimental evidence has indicated
that lead is toxic at levels previously
thought to be non-toxic. In the 1960’s,
a level below 60 micrograms of lead
per deciliter (mcg/dl) of whole blood
was not considered dangerous enough
to require intervention. By 1975, the

intervention level had declined to 30
mcg/dl. Lead toxicity is now defined
as an elevated blood lead level of 25
mcg/dl or greater with an erythrocyte
protoporphyrin (EP) level in whole
blood of 35 mcg/dl or greater.
PREVALENCE RATES

Current information on prevalence
of childhood lead toxicity is based on
the Second National Health and Nu-
trition Examination Survey
(NHANES 11) conducted by the Na-
tional Center for Health Statistics be-
tween 1976 and 1980. Results indi-
cated that 3.9% of all United States

children under the age of 5 years had
lead levels of 30 mcg/dl or more, an
estimated 675,000 children. Two per-
cent of all white children and 12.2% of
all black children had elevated leado
levels. For black children living in
cores of large cities and in families
with income of less than $6,000, the
rate was 18.6%.

In Virginia, door-to-door screening
in 1984 of children living in high risk
neighborhoods in the cities of Peters-
burg and Suffolk revealed that the
prevalence of lead levels =30 mcg/dl
were 3.0% and 3.2%, respectively. In
the cities of Norfolk, Lynchburg,
Portsmouth and Richmond, where ac-
tive case finding and environmental
hazard reduction have existed for 10
years, the prevalence rates in high
risk census tracts have dropped from
6% or more to 2% or less.

SOURCES OF LEAD

Lead-based paint continues to be
the major source of high level sympto-
matic lead poisoning. Since 1977, reg-
ulations require that household paint
contain no more than 0.06% lead by
dry weight. However, an estimated 27
million households in this country still
have lead-based interior paint. In-
creasingly, urban home renovations
have been a source of poisoning iro
both adults and children.

Lead in soil and housedust can be a
primary source of lead for toddlers
and preschool children whose normal
mouthing behavior places them at in-
creased risk. Flaking lead paint from a
house exterior, deposition of scraped
interior paint in a yard, and deposition
of airborne lead in the soil have each
been implicated as significant sources
of lead exposure.

Lower levels of lead toxicity have
been demonstrated in children living
near major roadways with high traffic
densities. The reduction of lead in
gasoline has been associated with a
decline in mean blood lead values in
the United States population from
14.6 mcg/dl in 1976 to 9.2 mcg/dl in
1980. Stationary sources such as lead
smelters are another source of air-
borne lead.

Lead is carried from the workplace
to the home on the body, clothing and
vehicles of workers. Lead crosses the
placenta in pregnant women to the
extent that the lead concentration i
umbilical cord blood may equal that ib
maternal blood.

Acidic soft water leaches lead into
drinking water from pipes and sol-
dered joints. Canned foods, crops and



vegetables grown in contaminated soil
are potential sources. Eating or drink-
ing from lead-glazed pottery; use of
some folk remedies; burning of col-
ored newsprint, battery casings, or
lead-painted wood; and sniffing gaso-
line are all important sources of occa-
sional lead poisoning (Figure 1).
HEALTH EFFECTS

Effects of high level lead poisoning,
such as lead encephalopathy and men-
tal retardation, are well known. It is
now known that lower levels of lead
may cause serious behavioral and bio-
chemical changes with altered neuro-
physiological performance. The heme
biosynthetic pathway is altered early
and thus an elevated erythrocyte pro-
toporphyrin (EP) level is one of the
most reliable means of screening.
Once absorbed, lead is distributed
throughout soft tissue and bone.
Blood levels reflect only the circulat-
ing amounts and not the body burden
of lead deposited in bones. Deficien-
cies in iron, calcium and increased
dietary fat enhance the absorption of
lead.

Young children absorb and retain
more lead on a unit-mass basis than
adults and they are also more vulnera-
ble to the neurophysiological effects
than adults. Effects of lead toxicity
are non-specific and present as altered
behaviors such as attention disorders,
emotional disturbances and learning
disorders. Early signs and symptoms
are fatigue, pallor, malaise, loss of
appetite, irritability, sleep distur-
bance, sudden behavior changes and
regression in development. More seri-
ous symptoms are clumsiness, ataxia,
weakness, abdominal pain, vomiting,
constipation and changes in con-
sciousness due to encephalopathy.
SCREENING FOR LEAD TOXICITY

Screening is to be distinguished
from diagnosis. The child with symp-
toms or signs suggestive of lead poi-
soning should have immediate diag-
nostic evaluation. Screening refers to
the detection of asymptomatic lead
toxicity in masses of children at risk.
Target Population:

Screening, at least once a year, is
recommended for all children be-
tween 9 months and 6 years of age
(Table 1). EP testing has been used to
screen for both iron deficiency and
lead toxicity. High risk children (low
income, living in old dwellings) are
generally eligible for Women and In-
fant Children (WIC) services. Partici-
pation in WIC requires a hematologic
determination for iron deficiency state

or anemia every six months. Determi-
nation of EP instead of hematocrit or
hemoglobin may be a cost-effective
means of screening for both iron defi-
ciency and lead toxicity.

Erythrocyte Protoporphyrin:

When capillary blood samples are
taken, external contamination of the
sample with lead is possible. This
would result in a falsely elevated
blood lead level but would not influ-
ence the EP level. Confirmation of
lead values is therefore required by a
venous blood sample. An EP value of
35 mcg/dl indicates impaired heme
synthesis due to iron deficiency and/
or toxic effects of lead.

The advantages of screening with
an EP test are that it identifies chil-
dren with elevated lead levels, con-
tamination of the sample with lead
does not affect the EP value, and it is
an accepted screening test for iron
deficiency. EP is also elevated in
sickle cell anemia, other hemolytic
anemias, and (slightly) after recent
colds, ear infections and other minor
illnesses. Hyperbilirubinemia may
cause false elevations of EP measured
by hematofluorometer, but not by ex-
traction.

Use of Hematofluorometers:

EP can be measured by fluorometry
after extraction from red cells or by
direct fluorescence in intact cells. The
ethylacetate-acetic acid extraction
procedure converts zinc protoporphy-
rin (ZnPP), the metabolite present in
red cells, to EP.Hematofluorometers
measure ZnPP and report values in
EP equivalents. At high levels, values
obtained with hemotofluorometers
may be lower than those obtained by
extraction. Because hematofluorome-
ters give immediate results, are easy

to operate and economical, they are
most suitable for mass screening.

Table 2 provides a risk classification
for priority medical evaluations based
on EP determinations. This classifica-
tion is a general guideline only; blood
test interpretation requires clinical
judgment, taking into account the age
of the child and the presence or ab-
sence of symptoms.

Children in class IV are at urgent
risk of lead toxicity and should be
medically evaluated within 24-48
hours. Those in class III are at high
risk, those in class 1l are at moderate
risk, and those in class I, at low risk.

Class I can be subdivided into two
additional categories. Class la (blood
lead, 25 mcg/dl or less, and EP, 35
mcg/dl or more) includes children
with iron deficiency. These children
should be retested, with additional as-
sessment of iron status. Class IB
(blood lead, 25-40 mcg/dl, and EP,
less than 35 mcg/dl) covers children
who appear to have transient, stable,
declining, or increasing blood lead
levels. Results should be confirmed
by retesting, and the children should
be carefully followed.

DIAGNOSTIC EVALUATION:

Blood lead levels may vary as much
as +5 mcg/dl in a 24 hour period.
Symptoms, if present, constitute an
urgent risk. Lead encephalopathy is
generally associated with lead levels
exceeding 100 mcg/dl but may occur
at levels as low as 70 mcg/dl. Sympto-
matic lead poisoning without enceph-
alopathy is usually associated with
values of 70 mcg/dl but may occur at
levels as low as 50 mcg/dl. A careful,
complete pediatric and environmental
history should be obtained. The phys-
ical examination should include a
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careful neurological examination and
assessment of the nutritional status.
Children with confirmed lead toxicity
should receive comprehensive neuro-
psychological evaluations; develop-
mental screening tests are not suffi-
ciently sensitive for assessment of
subtle impairments.

The following tests may be useful:

1. Tests for iron deficiency: A nor-
mal hemoglobin (11 g/dl or more)
or a normal hematocrit (33% or
more) does not rule out iron defi-
ciency. Serum iron, iron binding
capacity or serum ferritin are in-
dicated for an accurate assess-
ment of iron deficiency.

2. A flat plate of the abdomen may
be positive for radiopaque mate-
rial only if a large amount of lead
was ingested within the preced-
ing 24 to 36 hours.

3. X-rays of long bones, usually of

the knees, may reveal growth ar-
rest lines of increased density in
the metaphyses of the distal fe-
mur and proximal tibia and fi-
bula. They are usually not seen
in children under 2 years of age,
and negative X-rays to not rule
out lead exposure.

4. The Calcium Disodium EDTA
Mobilization Test is used to iden-
tify children who will respond to
chelation therapy. Children with
lead levels above 55 mcg/dl
should receive chelation therapy
without a chelation test.

5. A search for basophilic stippling
in red cells and tests for lead in
hair and nails are not considered
sufficiently sensitive to be useful
in diagnosis.

CLINICAL MANAGEMENT

Space limitations preclude an ade-

quate discussion here of the treatment

of lead poisoning; the reader is re-
ferred to published literature on the
subject.'# In general, increased reli-
ance is now placed on the calcium
disodium EDTA mobilization test for
children with moderate blood lead
levels.

Most children with lead toxicity do
not require chelation therapy. Such
therapy should not be given without
either a confirmed blood lead level of
=56 mcg/dl or a positive mobilization
test in children with blood lead levels
of 25-55 m cg/dl.

A cornerstone of clinical manage-
ment is the reduction in further lead
exposure through environmental man-
agement.

ENVIRONMENTAL
MANAGEMENT

Environmental investigation and in-
tervention begin as soon as lead toxic-
ity is confirmed. Priorities for action
are based on the child’s risk classifica-
tion. Children may be exposed to lead
paint in their own home or in homes
they frequently visit or in day care
settings, etc.

It is essential to remove children
from the home while temporary or
permanent abatement is being per-
formed. Families should be instructed
in housekeeping techniques such as
frequent wet mopping and damp dust-
ing to maintain a reduced level of en-
vironmental lead. It may be necessary
to work with the local Department of
Social Services in order to arrange for
alternate housing for families with
limited income.

SCREENING IN VIRGINIA

In Virginia, screening for iron defi-
ciency and lead toxicity is being ex-
panded in 1986. Hematofluorometers
will be used in an additional fifty
health departments for screening chil-
dren in well child and WIC clinics.
Some of the children participating in
WIC services obtain primary health
care from private physicians. The
health department will notify private
physicians involved in the care of
those children of the EP and lead test
results. Physicians interested in ob-
taining further information may con-
tact the Bureau of Maternal and Child
Health, Virginia Department of
Health or their local health depart-
ments.
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Recommendations for School and Day-Care Center Attendance

Acquired Imunodeficiency Syndrome (AIDS)

ﬁ tor’s note: The following recom-
Wndat:‘ons were adopted by the Vir-
ginia State Board of Health on No-
vember 13, 1985. They were adapted
from recommendations issued by the
Centers for Disease Control of the
U.S. Public Health Service (printed in
last month's issue of the Epide-
miology Bulletin), and the American
Academy of Pediatrics. Please note
that separate recommendations are
given for schools and day-care cen-
ters.

School Attendance

Decisions regarding the type of ed-
ucational and care setting for
HTLV-III/LAV-infected children
should be based on the behavior,
neurologic development, and phys-
ical condition of the child and the
expected type of interaction with
others in that setting. These deci-
sions should be made using the
team approach; such a team should
include the child’s physician, pub-
lic health personnel and the child’s
parent or guardian. In each case,
risks and benefits to both the in-

fected child and to others in the
setting should be weighed.

For most infected school-aged chil-
dren, the benefits of an unre-
stricted setting would outweigh the
risks of their acquiring potentially
harmful infections in the setting
and the apparent nonexistent risk
of transmission of HTLV-11I/LAV.
These children should be allowed
to attend school and after-school
day-care and to be placed in a fos-
ter home in an unrestricted setting.

. For the infected preschool-aged

child and for some neurologically
handicapped children who lack
control of their body secretions or
who display behavior such as bit-
ing, and those children who have
uncoverable, oozing lesions, a
more restricted environment is ad-
visable until more is known about
transmission in these settings.

. Because other infections in addi-

tion to HTLV-III/LAV can be
present in blood or bedy fluids, all
schools regardless of whether chil-
dren with HTLV-III/LAYV infection

ad Poisoning
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are attending, should adopt routine
procedures for handling blood or
body fluids. Soiled surfaces should
be promptly cleaned with disinfec-
tants such as household bleach (di-
luted 1 part bleach to 10 parts wa-
ter). Disposable towels or tissues
should be used whenever possible,
and mops should be rinsed in disin-
fectant. Those who are cleaning
should wear disposable gloves and
avoid exposure of open skin le-
sions or mucous membranes to the
blood or body fluids.

. Care, which involves exposure to

the infected child’s body fluids and
excrement, should be provided by
persons who are aware of the
child’s HTLV-1II/LAV infection
and the modes for HTLV-III/LAV
transmission. In any setting, espe-
cially involving an HTLV-III/LAV-
infected person, good handwash-
ing after exposure to blood and
body fluids and before caring for
another child should be observed,
and disposable gloves should be
worn when handling such blood
and body fluids. Any open lesions
on the infected child should also be
covered.

. A plan for periodic review by the

medical team described in #1 will
be established at the time the initial
decision is made regarding school
attendance. This periodic review is
important because the hygienic
practices of a child with HTLV-I1I/
LAV infection may improve suffi-
ciently as he/she matures to allow
for school attendance in the future.
Alternatively, the hygienic prac-
tices may deteriorate if the child’s
condition worsens and the reevalu-
ation will be necessary to deter-
mine if the deterioration of hygi-
enic practices warrants exclusion.

. Mandatory screening as a condi-

tion for school attendance is not
warranted based on available data.

. Persons involved in the care and

education of HTLV-III/LAV-in-
fected children should respect the
child’s right to privacy, including
maintaining confidential records.
The number of personnel who are
aware of the child’s condition
should be kept at a minimum
needed to assure proper care of the
child and to detect situations
(Continued to page 6)
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AIDS Recommendations
(Continued from page 5)

where the potential for transmis-
sion may occur (e.g., bleeding in-
Jjury).

Day-Care Center Attendance
1. A child infected with HTLV-IIl/

LAV should not be allowed to at-
tend day-care centers unless a
medical decision can be made that
the child does not pose a meaning-
ful risk to others because he/she
has poor control of his/her body
secretions, displays behavior such
as biting, or has any uncoverable,
oozing, skin lesions etc. Such deci-
sions are best made using a team
approach that should include the
child’s physician, public health
personnel and the child’s parent or
guardian.

. Because other infections in addi-
tion to HTLV-III/LAV can be
present in blood or body fluids, all
day-care facilities should adopt
routine procedures for handling
blood or body fluids. Soiled sur-
faces should be promptly cleaned
with disinfectants such as house-
hold bleach (diluted 1 part bleach
to 10 parts water). Disposable tow-
els or tissues should be used when-
ever possible, and mops should be
rinsed in disinfectant. Those who
are cleaning should wear disposa-
ble gloves and avoid exposure of
open skin lesions or mucous mem-
branes to the blood or body fluids.
. A plan for periodic review by the
medical team described in #1 will
be established at the time the initial
decision is made regarding day-
care center attendance. This peri-
odic reevaluation is necessary be-
cause the hygienic practices of a
child with HTLV-III/LAYV infection
may improve as the child matures
and he/she may be able to attend
day-care sometime in the future.

. Mandatory screening as a condi-
tion for day-care attendance is not
warranted based on available data.
. Persons involved in the care and
education of HTLV-III/LAV-in-
fected children should respect the
child’s right to privacy, including
maintaining confidential records.
The number of personnel who are
aware of the child’s condition
should be kept at a minimum
needed to assure proper care of the
child and to detect situations
where the potential for transmis-
sion may occur (e.g., bleeding in-
jury).
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Alternate Sites for
HTLV-III Antibody Testing

<

Location

Norfolk .

Alternate Testing Sites

Richmond. . . .. ...

Portsmouth . .. ...

Testing Facility

Virginia Commonwealth
University-MCV Campus
Infectious Disease Office
Nelson Clinic, Room 212
Richmond, Virginia 23219
Tel: (804) 786-9711

Call for Appointment

Ghent Family Practice
130 Colley Avenue
Norfolk, Virginia 23510
Tel: (804) 446-5955

Call for Appointment

Portsmouth Family Practice
2700 London Boulevard
Portsmouth, Virginia 23707
Tel: (804) 397-6344

Call for Appointment

Joseph Willard Health Center
3750 Old Lee Highway
Fairfax, Virginia 22030

Tel: (703) 569-6704

Call for Appointment

Roanoke City Health Department
515 Eighth Street, S.W.
Roanoke, Virginia 24016

Tel: (703) 981-2636

Call for Appointment

Alternate testing sites were es-
tablished several months ago using
U.S. Public Health Service funds.
The purpose for doing this was to
make testing for antibody to human T-
cell lymphotrophic virus Type III
(HTLV-111) available to persons in
AIDS risk groups who desire to know
their antibody status, since they
would threaten the safety of the blood
supply if they were to donate blood in
order to learn of their antibody status.

The five sites, listed below, have
tested 261 individuals, and 50 (19%) of
them have been found to be HLTV-111
antibody positive. A positive test is
defined as two repeatedly positive
tests by enzyme immunosorbent as-
say (ELISA) and a positive Western
Blot test. This percentage of positives
is consistent with that of the national
average for individuals seeking to be
tested in alternate testing sites.

Each of the sites provides the fol-
lowing services, free of charge:

« drawing the necessary blood sam-
ples;

« performing the screening tests for
antibodies to HTLV-111;

« providing pretest counseling about
the test;

» informing individuals of their test
results;

- ensuring that individuals who test
positive receive appropriate coun-
seling;

« ensuring that individuals who test
positive are referred to an appropri-
ate source of care for further medi-
cal evaluation.



Cases of selected notifiable diseases, Virginia, for the period November 1 through November 30, 1985

State Regions
Disease This | Last | TotltoDate | S Yeor L
Month | Month 1985 1984 | To Date [IN.W. | N. [S.W. | C. E.
Measles 0 0 37 5 80| o [o] oo o
Mumps 4 1 47 18 64 0 0 1 1 2
Pertussis 4 3 21 19 24 1 I 0 0 2
Rubella 0 0 2 0 13 0 0 0 0 0
Meningitis—Aseptic 67 75 379 242 265 6 |13 & |17 (23
*Bacterial 26 17 234 200 218 6 4 3 4 9
Hepatitis A (Infectious) 24 13 161 102 190 | 12 2 8 2 0
B (Serum) 60 27 518 460 523 3 8222
Non-A, Non-B 15 9 89 83 69 2 3 4 2 4
Salmonellosis 147 128 1489 1197 14131 20 |25 |29 |36 |37
Shigellosis 14 7 86 187 411 2 2 1 3 6
Campylobacter Infections 77 77 714 581 393 | 10 |17 15 10 |25
Tuberculosis 48 70 416 400 497 3 7 2 927
Syphilis (Primary & Secondary) 32 26 283 384 582 1 4 4 9 |14
Gonorrhea 1756 1734 17,806 |18.204 (21472 | — |— | — |— |—
Rocky Mountain Spotted Fever 0 4 25 47 77 0 0 0 0 0
Rabies in Animals 10 20 169 196 356 5 2 2 | 0
Meningococcal Infections 4 4 51 59 78 0 0 2 2 0 |
Influenza 22 20 998 1123 1721 4 0 0 4 |14 :D
Toxic Shock Syndrome 0 0 1 7 8 0 0 0 0 0
Reyes Syndrome 0 0 2 6 10 0 0 0 0 0
Legionellosis 2 4 18 27 25 0 0 0 0 2
Kawasaki’s Disease 0 1 26 13 22 0 0 0 0 0
Other: Acquired Immunodeficiency
Syndrome 17 8 97 34 —_ 1 11 2 2 1

Counties Reporting Animal Rabies: Fauquier 2 raccoons; Madison 1 raccoon; Rockingham 1 skunk; Shenandoah | skunk:

Fairfax 1 raccoon; Loudoun 1 raccoon; Lee 2 skunks; Hanover | raccoon

Occupational Illnesses: Pneumoconiosis 20; Carpal tunnel syndrome 13; Asbestosis 5; Hearing loss 2; Metal poisoning 2;

Dermatosis 1; Silicosis 1.
*other than meningococcal
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